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TECHNICAL NOTE NO. 1346

CRITICAL SHEAR STRESS OF LONG PLATES WITH TRANSVERSE CURVATURE

By 8. B. Batdorf, Murry Schildcrout, and Manuel Stein
SUMMARY

A theoretical solution ig presented for the buckling stress
of long plates with transverse curvature loaded in shesy. The
results are given in the form of curves and formulas for plates
with simply supported or clamped edges for a wide range of plate
dimensions. Comparisons are made with theoretical solutions
obtained in previous investigations.

INTRODUCTION

The problem of determining the buckling stress of long plates
with transverse curvature subjected to shear has received limited
treatment in two previous. investigations. In & peper published
in 1937 (reference 1), Leggett presented solutions for plates with
simply supported edges and for plates with clamped edges. Numerical
results, however, could be given only for plates of small curvature.
In 1938 Kromm (reference 2} published a solution which covered the
complete curvature range but consldered only simple support. The
present paper treats plates with both simply supported and clamped -
edges over the complete curvaturs range The.boundary conditions on
medien-surfece displacement in Leggett's analysis differ from those
in Kromm's analysis and in-the present work.

The various boundary conditions treated are summarized in the
following tabls: , _
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Boundary conditlons

Displacement
Anthors ' o N " Slope Moment
Axieal Circum~- | Radial '
- ferential '
- Bdges simply supported
Leggett -0 o 0 [|Unrestrained 0
Kromm 0 Unrestrained " o. Unrestrained 0
Present| . 0 - |Unrestréained] 0 |Unrestrained| )
yaper |. o '
Edges clemped
Leggott 0 0 0 0 Unrestrained
Present | [Unrestrained) 0 | 0 o} Unrestrained
hapexr
o] | Unrestrained] 0 0 Unrestrained

Theme verious assumed boundary conditions lead to different

. values for the critical stresses. The resultes found for the sets.

.of boundery conditions given in the preceding teble are dlscussed
end compared. in- the following section.

RESULTS AND DISCUSSION

The critical shear stress for & long plate with transverse
curvature ie given by the equation

e 12
T = ...P__B
cr bet
where
b width of plate measured along arc

t thickness of plate

-
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D flexural stiffness of plete per unit lesghth (&J%%é——i§i>
. 12{1L -
. Fa

E Young's modulus of elasticity

ks critical-shear-stress cocefficient
Top critical shear stress

H Poissoﬁ 's ratio

The critical-shear-stress coefficlents ks found by the metbods

of the present paper (sse append;x) for plates with both simply
supported and clampsed, edges ers glven in tables 1 and 2 and are
plotted in figure 1. The ordinate in this figure 1s the critical-
shear-stress coefficient, and the sbscissa is e curvature
paremeter Z which depends on the dimensions c¢f the plate and

on Poisson's ratio as follows:

Z --—~ Vi - u = CE £ l - U

where' r is the radius of curvabure of the pla£e~

 As the curvature paramoter Z beccmes small and approaches
zero, the value of the shear-stress coefflcient k, for simply

supported edges approaches the knowni value for a flat plate of 5.34.
The two soluticns given for plates with clamped edges corréspond

to different boundary conditions on median-surface displacement,

as indicated in figure 1. In the solution represented by the solid
curve the value of kg approaches the established value for a flat
plate (kg = 8.98) as Z approaches zero. In the solution
represented by the dashed curve the value of kg as I approaches
zero is ebout 7 percent higher because of poor convergence. The

solution lsading to the solid curve was so rapidly ccnvergent that
fourth-order determinante were found satisfactory. Tenth-crder
determinents were used to obtain the dashed curve, and the additional

labor required to obtain en accuyracy comparsble to that of tne solid -

curve was considered prohlbitive.

Ag Z Increases ks also increases end the curves approach
the straight lines given by the following equations. Fer plates
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vith simply supported edges,. ' -
kg = 1.921/2

For pletes with clamped edges (v wnrestrained; u = 0 ai edges),

= 3.123'/2 (Result probebly scmewhat high
because of poor convergence)

kg

For plates with clamped edges (v = 0; u unrestrained at edges),
k= 3.4z3/2

These equatlons apply when 2 > 20.

In figure 2 the results of the preszent paper are compered with
those given by Leggett (reference 1). Leggett's resultz for the
critical stresses of plates with simply sumported edges are
conglderably higher then those of the present paper (which nresents
results identical with those of Kromm) because of the additional
restraint imposed upon the plate in Leggett's solution. TFor plates
with clamped edges all solutions give approximately the same resnlts
in the low curvature range to which Lesgeti's results are restricted.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
langley Field, Va., Mzxch 20, 1947
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m,n, ]

APPENDIX

~ Symbols
wldth of plate measured along arc
integers
radlus of curvature of plate

thickness of plate

displacement of point on median surface of plate in axial

(x-)} direction

displacement of point on median surface of plate in
circumferential (y-) direction

displacemsnt of point on median surface of plate in radilsl
direction, positive outward

axiel coordinate of plate
circumferential coordinate of plate

3
flexural stiffness of plate per wnit length £t
] 12(1 - p2)

Young's modulus of elasticity

mathenatical operater ) .o L
2 I/ 2 .. 5
curvature parameter (ég V& - 2 or %) % Vi - u%)

coefficlents of deflochion functions

critical-shear-stress coefficlent appearing in formula

- kaﬁaD

T cr
bt

x| 2 h
(R s
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Vy, W, ‘deflection functions = ¥ —
I)
B =<
A
A half veve length of buckles in axial direction
M Poisson's ratio - |
T . critical ghesr atress '
cr . , ' ,
P k
v‘,'l' _—_-'B\ : + 2 . a +'.__ . S s Ll T e e _-:.:-; i: .

™t > Bya 3y

v o= inverse of Vh, defined 'by v +(V}“w) ZF('v'l"w) =W

[ T .

'I’heoretical Solut.ion
~ Bavetlon of equilibrium.- "‘he critical shear stress at which
buckling of a long plate with transvérsa cirvature occurs mey be.
obtained by so'l.ving the following equa:bion cof equilibrivm

(reference 3) o Ny o o
Dvuw+-—vl"ah';: crté%i—-so - (1)

=T wey

Division of"ec;uat{c'an (1) by D '-gi{r;‘e's the equation . .
Vhw+~§- -hahw-h?ks—ﬂg——ﬂ-— 0 o (2)

b’*, a“ 12 3 dy.

R . ¥ e o

whore the dimensionless parameters Z and k 5 axe Lefined by
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and.

Equation (2) can be represented by
Qw = 0 (3)

where Q 18 defined as the operator : N .

e N
vl*--i-le.z v’b’%+2ksﬂz—a——-
- pt 3x b= 3x oy

'Method of solution.- Eq_uaticn (3) may be solved 'by the .
Galerkin method, vhich is outlined In reference k. In the application
of this method ’che displacement w 1s expressed in terms of &
sulteble series expansion as followa:

iamV«mew | o

m=1

In equation (4) each of the functions Vl, Vo, <o+ V3, Wi,

Wo, = WJ wust satisfy the boundary sonditions on w Ddut need not
gatisfy the equation of squilibrium. The coefficients a.m and bm
are determined by the equations _ -

)‘2)\.

L e e - '1

.?.A,fb.
W dx dy = O
L D n |

vwhere n =1, 2, 3, -+«

(5)

The boundery conditicns considered In the preosent paper are
as follows: for plates with simply-suppcrted edges,

Pw

w=—p5=u=0 &and v Is unrestrained; for plates with

'
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' ow
clamped edges, W =z—=v =0 end u is unresirained (case I)
.oy

end W =? =u=0 eand v is unrestrained (case II).
y

Solution for plates with simply supported edges.- The following
infinite series expension represents the dlsplacement w of curved

plates with simply supported edgss:

o : o
x L omy = mry
=sin—-—z_ sin—-—~—+cos-—-—Z'bmsin——* (6)
N i ) e b

where X\ 1s the half wave length of the buckles in the axial
direction. Equation (6) satisfies the conditions om w for

simple support and when introduced into equation (5) implies that the
axlal displacement u is equal to O and the circumfersential
displacement v 1s unrestralned at the edges (see reference 3)
Equation (6) is eguivelent to equation (L) irf

sin -—“f- gin nay

.vn -

(7

A an B
Wy, = cos Y s_:_ln 3

Whera n'—'l, 2, 3"-00

1

Su.'bst:jltution"of expressions (6) and (7). into equations (5) and
integration ?getween the limits indicated give

(=]

8Pk, A
[(n +B)2 “(n +B2)2] ok meﬁ—m—aso
b l:(ne . Be)a- 12 gl 2] 8By Z o o

l‘(n +[32 m=1 2-m2 J

where n=1,2, 3, ... end mtn 1s odd. .

> (8)
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Equations (8) have a solution in which the coefficients ap
and the coefficlents b, are not all zero (that is, the plate has
buckled) only if the following determinant vanishes:

al'ae ag ay a5 &g ... by Py by by Dby Dbg ...

1 2 b 6
l 0 0 0 s e - —— 0 S— eo ¥
B b ° ° 3 ° 5 35
=2{ 0 &M, o 0 0 ... -2 o £ o X o ...
= kg © 3 5 21
| 1 .6 12 2
= 0 0 0 P —— 0 L 0 P
n=3 BEM3 O 0 0 5 7 3
kg 715 7 9
1 _10 _20 30
n=5 0 O 0 0 E;Ms 0 LN 0 21 0 9 o ll LI
=6{ 0 0 © 0 0 b o0 2 03X o ...
%EMG 35 3 11
=l 0 —"2' O —"2!.— 0 '—"'6"“ s e l 0 o O 0 s e
el I 15 35 B 0
o] 2 6 o _1o 1y o o |
n 2 3 X 0 5 o 2.]_ Q— .oac 0 ‘E"BMQ O o o o 28 »
6 12 2 1
n= 0 2 o —z2= 0o -2 ... © 0 =M, O 0 o ...
3 5 T 3 kg 3
e 2 20 1
n—,'l' 15 O T 0 —9 o s e 0 O 0 O 'i';bi)_l. 0 0 ate
0 20 -30 1
n=5 o 21 0 9 0 ll. &* o 2 0 O O o s 5 0 * -
6] & 0o 2 o0 X o0 .. 0 0o 0 0 0 EM ...
35 3 11 kg
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vhore . 2 - 12Z2 y 1 ' | .
i gﬁl:(n " B) )"(n + BET-J

By a rearrangement of rows and columms the infinite determinant |
can be factored into two infinite subdeterminants which have the same
expansion and are therefors equivalent.

; gy by &3 Dy &g bg o0 Py By D3 gy 'b5 Be e
- 2" b 6
n=1 kle 5.0 3 O F owee O | o 0 0 0 0 ...
mel 2Ly &g 200 6 0 6 0 0 0 0 0 ..
3 ”kS 5 21 3
6, 1 T, 2 -
N= O e Sauy Te—— O —— s e e 0 O O O 0 o .
3 5 &' 7 3 -
I 12 9. 20 ) ’ |
n=l""—'_ 0 —_— - 0 s e e O 0 'O O O o ‘.
115 7 g% g - S
: 10 T, 20 1, 30 '
n=5{ -0 === 'ig = 2L .. 0 0o 0 0 © 0 ...
—5. 21 g kSM'j 11
6| o 2 o X EM, ... 0O 0 0 0 O 0 ..
» h . . . . . » » q’ . . . . . *
. . [ » [ L] L] * . . . = _0 ‘
n=l|{-0 0 0 0 0 0 ... l~-Ml 2 o B o -5 ...
kg S I 35
n2{ 0 0 0 ©0 0 0 ... 2 L, £ o 2 45
3 ®s. -5 21
a=3{ 0 0 0 0 0 0 ... o & iy 2 o, 2 |
- b 12 L 2
n= 0 0 0 18] o, 0 e - 0 - bI).‘. — 0 .« ¢
_ 15 7 K% 9
=slo 06 0 0 0 0.... 0o ¥ o 1y 30 »
. 21 9 k> 1
: 6 2 30 1
n= 0 O O 0 0 . O . - O - I{I van -
: ‘ 35 3 11 kg 6
. . . . . . . . . (lo)
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The expension of equa.tion (10) may be approximated by finite
subdeterminents. The first approvimate expansion of equation (10)
which will yield a value for kg is obtained from & second-order

determinant teken from olther factor. Thus,

- G (1)

The second approximation, o'btained from & third-order d.e'berminant
is given by .

My Mpls

"G n o

The third approximetion, obtained from & fbwcth -order determinant,
is given by . . .

nse 8% _olneV /68 BV

(12)

+(—3—>M3Mh + MMMl = O : L (13}_

Each of these equations shows that for a sslected value of the
curvature paremster Z the crltical strese of long curved plates
depends upon the wave length. Since a structure buckles at the

lowest stress at which instebility can occur, k; 1s minimized

with respect to the wave length by substituting velues of B into
equations {11), (12), or (13) until the minimum value of Xy

can be obtalned from & plot of kg egzinst f. Table 1 shows the
convergence of the various approximations for kgz. The results are
also showm graphically in figure 1.

Solution for plates with clamped edges (case I).- A procedure
similar to that for plates with simply supported edges ls followed for
plates with clamped edges. Solutions are given for two types of
clamped -edge support correspording to two sets of boundary conditions.
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“The deflection functfion for case I

o - . R
- + l)n
m=1

. o
X (m = L)y (m + L)ny
+ cos 3 z—i.b’?‘ [cos o cos ) {14)

satisfios the conditions on radial dlsplacement w and implles
that at the edges the axial dlsplacement "u is unrestrained a.nd. the
circumferential displacement v 1s zero (see reforence 3).
Comparison of eguation (1) with equation (k) shows that

sin---j"‘E [cos _ﬁl_:__g];)__. - cos (R * 1 l_)_I]

V. =
i (15)
W, = cos Y [cos !E__'___)_’EI - cos (B.F l}nx]

When operatlons equivalent to those carried out for a plate
with slmply supported edges are pbrformed the following simmlteneouns
squations result: ) _



For n=1

: - C y .1)2 e T
al(%+ma)'u3ua+kﬂn§;4m[(mfl)2 b (mn-ll)e-lJ—o

For nek 2 2 E-TE .2
' (w-1)* . (m-l) (m+1) . _(m+1)
- T - =
o4 * ) &“M3+k E; m[(m_'l)e-l (m=1)2 -9 (m+l)2-l+(m+l)2-9} °
For n = 3,4,. oL o o

a.n(Mn_l + M.n.-l-l) an-oMy -, - B'n+2Ma+l

+k ib'[‘ (m. - 1)2 - (m - '.L)2 - (m-r--l}2 . (m + 1) J 0
" MlE-rP-@-1? me0?-@e)? @e)® - @-)? (m+1)2 - o+ 1)

vhere m + 1 s odd

For n=1

o Py . ' 2 1

. o (m + 1) . {m-1)
vy (R + ¥p) - By - T m%% [(m+1}2 k(a1 -ngo
For n==2 ‘ |

' ' - (ni-l)é"' '(m-.— 1)2 (m-r:l)_2 (m+1)2 ]
M, o+M ) -l -k AT . - " =0
bE(l '3) WM - K };3%[( ,

m-12-1 m-12-9 @+12-1 (m+2)?-

For n = 3,1L )
1’11(““::1-1 + Mn+l) bn-’c’Mn-l '"n+2"%1+1

_ -1 m-12 Gr1? 0 @e1P T
kszaml:(m-l)e-(n—l)e (m-l)2~(n+l)2 (u+1)2-(n-1)2+(m+1)2-(n+1)2j

vhers m +an is odd : : j

GhET *oN ML VOVH

> (16

ET
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and where

- %[(n LoRPT f"‘; )2]

The infinite determinent formed by equetions (16) can be
rearrenged so ag to factor into two mutually equivalent infinite
svbdeterminants as in the solution for long curved plates with
simply supported edges. - The venishing of the first of these factors
is expressed. by the following equation:

8y by ay by, o5 bg e
A
ne| ﬁ %S{Mf;“"s), _:’55% Sy f% o
= e R Hew 5o R
n=k "i%‘ o %}E (i) j’%z"_ij FA
=0 R w h e I
n=6 '-_:_-i-g 0._ -i;’.-.gg -%:;Ms z:gg %; M5+M7) v
. . . (17)

The first apyroximation, o'ota.ined. from the second-order
deteminant is glven by

L '(%)2(21404 Me) (i f_'MB) (18)
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The second epproximation, obtained from the third-order determinant,
is given by

oo (o + ) [, ) o+ ) - ]
| )(%+Mu)-ae_)%%+ )2(2M+M2)

(29)

The third approximetion, chiained from the fourth-order determinant,
is glven by .

(D6 @E) e ne
+ (105) (2, + ) (M3 ) (lgg ) o+ ) (5 + 1)
; (E) (s + ) (3 + %) - (105) (1315> ( + )
oSNyt ) <) (Bt

( )(m) (e + ) + [(105)(% . ( 315 MEMs}

[21»:0(142 + Hh) + MEM;J E«tl(M AR M3M5] =0 - (20)

These equations were used for values of Z betwesn O and 30.
As Z incresses, the first term of the determinant becomes
unimportent, and for Z = 10° equations similar to equations (18)
to (20) end containing the by, a3, by, and ag terms were used.

For 72 = 103 end Z = 3.05 the second term of the determinant also
becomes unimportant, and equations similar to equations (18) to (20)
but including the &3, by, &g, end by terms were used. Each of

these equetions may be solved in the same menner as in the problem
of curved plates with simply supported edges - that is, by
substituting values of B into the equation for each va.lue of %
until the minimm value of kg, 1is obtalined from a plot of B

against the corresponding values of kg. Table 2 shows the convergence
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of the verious Approximaticne for ky. The results ave shown
graphically in figure 1.

_ Solution for plates with clamped edges (cese II).- Another
deflection function for a plate with. clamped edges (case II) is

v

e . )
N m + 2)x
wegin X ) am{l oin B . L gy ) #]

.i-’ m=l m .b ) n + 2 e b ~
. [ S ' .
- ux'zz: 1 mry 1 (n + 2)n?] :
+ cos — b |= sin —= = in 21
e A mim ° b m+ 2 8 b (21)

This series satisfies the conditions on "w and in addition implies
that u is 0 and v 18 unrestrained at the edges (see refprence 3).
Comparison of equation (21) with equation (L) shows thaet in case II

ax |1 |, ony 1 g+ é)nf}
V. gln =— | =siln — = - sin
n= "N a b n+ 2 3 b

‘I_" ‘. ' ', ) : __—-‘ . (22)
e B S N @_tbgm]

W, = cos =X .
n Aln b . n+2

wvhere n = 1,2,3, ...

" When operations equivalént to those carried out for the case
of eimply supported edges are performed, the following simltaneous

equations result:



For n=1 5 a 1 1 )

a (M + )-J - X i‘b - - ¢ ot =0
. ;'(l 9 9 M3 " mz,h M1 - 1 - (m+2)2 g 1P ‘9 - .(m+2)2:[
o' n = . Do o

Zm 1 1 1 1
M k b =0
aa( 16) TR w=i,3 L - m2 b - (m+ 2)2 %6 -2 16 - (i 4 2')2“]

For n = 3, v,
Mn+2 ) Bpp B4
—= + - - M
EDC:; (n + 2)5 ne "o (n + 2)2 n+2

1 1 S
L m2 ® -(m+2)2 (n+2)2-me-.ln(nq.g)a-(n_,,-g)a] 0

where m+1n 1g odd

For n=1

b 2 1 ' “ ' : . )
I?(yz+ﬂ)-—llmu+k323m|il - C- - +. x =0
16/ 16 n=1,3 [ -m@ 4 - (m+2)2 16 - af 16 - (m+2)2
For n = 3,4,... T '
b[Gh'+ T2 --bn"aun- Poi2 M

2 (n+2) n? (m+2)2 2

N i e Mt L]

w1 ~m+22 (n+2)f -2 (o 2)? - (o 2)2

wvhere m+n 1ig odd

) B 3 e[ e e
b - 8
1(““9) 9M3+k"m.—.e, By -of 1-(m+2)2 9" n? 9-(m+2)2_i ’

\

> (23)

ghET *ON ML VOVM

LT
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and where

.. SN 127284
o é% [(na ’ ‘32) N stl‘(n2 + 52)2]

The infinite determinant formed by equations (23) .can bo
rcarrenged so &8 to factor into two mubually equivalent infintte
subdeterminants. The vanishing of either of these factors leeds to
a relation between kg, 7B, 'end Z. TFrom this relation the value

© of kg is found for a given value of Z by minimizing ky with

" respect to B~ Because the solution is slowly convergent ‘tenth-
order determinents were used. These determinants were evaluated
by the Crout me’chod. (reference 5) Por asswmed valuss of k, and B.
. For given velues of ,. corresponding velues of kg which caused
the determinants to vanish were found. The critical value of kg
is the minimum value of -ky found from & plot of kg against the

corresponding velues of B. Table 2 presents the theoretical values
of kg obtalned by solving determinants of different order, The

results are shown graphlcally by the dashed curve In figure 1.



NACA.'IN No. 1346 " : 19

REFERENCES -

._: . :.,.: .

1. Leggett, D. M. 4.2 The Els.stic Sta.'bility of a Long a.nd Slightly
Ben’c Rectangular Plate under Uniform Shear. Proc. Roy. Soc.
(London), ser. A.,Ivol 162 ‘no. 908 Seyt i, 1937, rp- 62 83

1 . :

2. Kromm, A.: lhe leit of Sua.'bili'by of a Curved Pla.te btrijp

unaer ‘Shear and. Axial ‘Stregses: NACA ™ o 898 1939

Ce e w e -
..‘;H. -."\.-..

3. Ba.tdorf ScBet A Slmplified Method. of Elas uic-Sta'bility Analysis
for Thin Cylindrical Shells. II - Modified Equili'brium Equation.
NACA T No. 13)42 e ) .

L, Dmcan, W. J.: The Principles of the Ga.lerLin Methoe. R. & M.
No. 1848, British A R.C., 1938.

5 Crout, Prescott D.: A Short Method for Evaluating. Determinants
and Solving Systems of Linear Equations with Real or Corplex
' Coefficiénts:” Supp. to Elec: Bng., Trans. Section,” AIEE,
vol. 60, Dec. 1941, pp. 1235-12}40. (Abridged as Marchent
Methcds MM-lBC, Sept 1941, Marchent Calchl.:.t'\.ng Machine Co.,
Qakland, Calif.)



20

TABIE 1
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THEORETICAL SHEAR-STRESS CCOEFFICIENTS AND RATIO OF WIDTH OF
_'PIA‘JETOHALFWAVE IENGTH OF BUCKIE FOR LONG PLATES WITH

TRANSVERSE CURVATURE WITH SIMPLY SUPPORTED EDGES

‘| Flrst approximation Secq_nd a.pprox_ima.ﬁion Third _a.pproximation
Z' Ky B kg B kg B

0] 5.60 0.77 5.3% | 0.80 | meeese | eeea-
1 5.6 ] .0 5,38 R
2 5.68 .78 5.42 80 | ewmee- ————
5| son.| | 596 |0 76 | eeeeee | eemen
10| 7.06 .58 1 6.2 .65 SR B
30| 11.16 .33 0.66 | i35 | eeemem | mmee-
100 20.02 17 15.20 A8 T} memeee | wemma
300{ 3%.3 110 33.0 098 | mmmme | cemen
1,000| 62.60 054 60.15 055 60.02 0.055
10,000 198.5 017 190.0 .018 189.7 .018
100,000 626.0 .005 | 601.2 .006 e B

NATTONAL ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE 2

THEORETTCAL SHEAR-STRESS COEFFICIENTS AND RATIO OF WIDTH OF

PTATE TO HALF WAVE LENGTH OF BUCKIE FOR LONG PLATES

WITH TRANSVERSE CURVATURE WITH CLAMPED EDGES

;irst approximation|{Second approximation|Third approximation
i kg B ky B kg 8
Case I (u, um'estra;.ined; v =0 at edges)

0 9.55 1.18 9.31 1.21 9.09 1.21
1 . 9.59 | 1.19 9.3% | 1.23 | se=esess | eseee
2 9.70 1.19 9.43 1.23 | smmme=-- c-ee-
5 10.46 1.25 10.00 1.29 “ememae —eman
10 12.69 1.38 11.k49 S T E B o s

30| 28.23 1.8 8.4 | 1.62 18.10 1.66
00| Lbk.k2 .22 34.3 1.36 | =meeeee | ecee-
1,000 125.8 Ja 110.7 .56 110.7 .56
100,000 | 128 013 1112.8 017 1112.6 017
Fourth-order ‘Bighth-order Tenth-ordexr
determinant determinant determinant

’ kg B kg B kg B

Case II (u = 0; v, unrestrained at _edges)

0 10.4h 1.29 9.8 1.28 9.66 1.25
30| wmmmes ] wemee 16.99 | 1.31 semeve | meee-
100 33:53 1.28 30.43 1.08 rreies | ceme-
10,000 336.6 .126 308.2 ' .118 303.3 11k
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Figure 1.~ Critical-shear-stress coefficlents for long plates with
transverse curvature having simply supported or clamped edges.
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Figure 2.- Comparison of present solution with Leggett’s results.
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